This study aimed to induce hybrid genotypes resistant to fusarium wilt disease in tomato, as well as using Bacillus thuringiensis as a biological control agent against Fusarium oxysporum. Four tomato varieties were used in this study to induce 12 F 1 hybrids and their reciprocal hybrids via diallel crosses. High significant heterosis relative to the mid-parent was obtained with the largest value by P 1 ×P 2 for plant height, in addition to significant heterosis was obtained by the reciprocal hybrid for the same trait in fungi and control treatments. The parental variety P 3 had the highest mean values of total yield per plant in the four treatments where the bacterial treatment T 4 gave the highest mean value of total yield per plant in relation to other treatments. The reciprocal hybrid P 3 ×P 1 gave the highest mean values in the four treatments for the total weight of fruits per plant which referred to the maternal effect. The hybrid P 2 ×P 3 gave highly significant values of heterosis in the four treatments for weight of three early collections and total weight of fruits per plant. The results appeared that Bt treatments enhanced all traits measured in this study especially chemical parameters. This indicated that Bt played a major role in the control of natural infection due to biotic stress. In addition, tomato showed higher heterosis in crosses and reciprocal crosses which depends on the distance between varieties.
INTRODUCTION
Tomato (Solanum lycopersicum L.; 2n=24) belongs to Family Solanaceae. Tomato is one of the most important vegetable crops all over the world including Egypt. Tomato is a rich source of vitamin A, C and minerals like Ca, P, K and Fe (Dhaliwal et al., 2003) .
Tomatoes are major contributors of antioxidants such as carotenoids (especially, lycopene and β-carotene), phenolic, ascorbic acid (vitamin C) and small amounts of vitamin E in daily diets (Rai et al., 2012) . Heterosis is a biological phenomenon manifesting itself in hybrids that are more vital, adaptive and productive than their parents. Heterosis has been explained by over-dominance and by additive effects (Bai and Lindhout, 2007) .
Fusarium causes vascular wilt of vegetables, flowers, ornamentals and other important crops. Different host plants are attacked by special forms or races of F. oxysporum. The disease caused by this fungus is characterized as a wilted plants, yellowed leaves and minimal/reduced or even total loss/absent crop yield (Pataki et al., 2000) . In order to product hybrids that are carriers of resistance gene it is necessary to test reaction of existing material to the pathogen and establish the potential of existing genotypes that can be used in agriculture. Biological control offers an important alternative to synthetic chemicals. The use of bacteria as Bacillus sp., have been investigated because of their properties to produce antifungal metabolites and protect plants from fungal infection (Nourozian et al., 2006) . This study amied to investigate the inheritance of resistance for Fusarium wilt disease in tomato, as well as, using Bacillus thuringiensis as a biological control agent against Fusarium wilt to enhancing the growth and yield traits of tomato.
MATERIALS AND METHODS

Genetic materials
Four tomato varieties belong to species Lycopersicon esculentum Mill were used. These parental varieties were Fatma (P 1 ), Castel rock (P 2 ), Tigerella (P 3 ) and Marglop (P 4 ). The seeds of these parental varieties were kindly provided from Vegetable Research Department, Horticulture Research Institute, Agriculture Research Center, Giza, Egypt. Bacterial strain used in this study was Bacillus thuringiensis which kindly provided from Bacillus Genetic Stock Center, Biochemistry Dept., Ohio University, Columbus, USA. This strain was maintained on TGY medium as a complete medium according to Mazza et al., (1992) . Fusarium oxypourm .f. used in this study was obtained from Plant Protection Research Institute, Agriculture Research Center, Egypt. PDA medium was used as a complete medium for growing and maintained Fusarium oxyspourm according to Leslie and Summerell (2006) .
Experimental design
The four parental varieties and their F 1 , F 1r hybrids were arranged in Randomize Complete Blocks Design with three replicates. The seedlings were transplanted to the pots after 45 days from sowing. Soil in pots consists of land soil and sand 1:1 without any source of fertilization. The plants were treated with Fusarium oxyspourm three times weakly after two weeks from transplanting. Plants were three weeks inoculated weakly with bacterial suspension (10 9 cells/ml) at the time of flowering for four times with the rate of 5 ml/plant. Treatments inoculated: control plants without any inoculation by fungi or bacteria T 1 , plants treated with Fusarium oxyspourm T 2 , plants treated with Bt + Fusarium T 3 , plants treated with Bt T 4 . Pots preparation, fertilization and other practices were carried out according to the recommendations of the Egyptian Ministry of Agriculture. Data were recorded from randomly chosen plants of three replications using the following traits; plant height, number of fruits per plant for the first three pickings, weight of fruits per plant of the first three pickings, total number of fruits per plant, total weight of fruits per plant, ascorbic acid content according to Sadasivam and Balasubraminan (1987) . The estimation of total phenols was measured according to Bary and Thorpe (1954) .
Statistical analysis
Data were collected on P 1 , P 2 , F 1 and F 1r hybrids for yield components and other biochemical traits were subjected to statistical analysis of Randomed Complete Blocks Design as outline by Steel and Torrie (1960) .
Heterosis is the percentage increase of the F 1 hybrid in relation to the mid -parent according to Singh and Chaudary (1985) as follows; H% = F 1 -M.P × 100 M.P F 1 = ∑ F 1 .. for all hybrids and P (P-1) As ∑F 1 j. for F 1 or F 1r reciprocals. P (P-1)/2
RESULTS AND DISCUSSION
The mean performance of parental varieties and their F 1 hybrids for plant height, ascorbic acid and phenol compound in the four treatments are presented in Table  1 .The results indicated that genotypes showed highly significant differences to all treatments. Plant height showed that the parental genotype Fatma (P 1 ) was higher than Castel rock (P 2 ) in control T 1 and fungi treatment T 2 . Parent Fatma (P 1 ) gave high value in fungi treatment than control which proved the resistance of this variety to Fusarium wilt. The parental variety Fatma (P 1 ) had highest mean values in control T 1 and in fungi and bacterial treatment T 3 . The parental variety Castel rock (P 2 ) had highest mean value in fungi treatment T 2 and in bacterial treatment T 4 and it had the highest mean value, for ascorbic acid trait. For phenol compound the parental variety Fatma (P 1 ) had the lowest mean values in the four treatments which indicate that, the parental variety Fatma (P 1 ) was resistant to Fusarim wilt and bacteria also reduce the infection of disease. The F 1 hybrid P 1 ×P 2 had highest mean value in control T 1 and in fungi treatment T 2 and it was higher than F 1r hybrid over the two treatments for plant height. The F 1 hybrid P 1 ×P 2 had highest mean values in the four treatments for ascorbic acid. Phenolic compounds showed that, F 1 hybrid P 1 ×P 2 had a lowest mean value in fungi treatment T 2 and in fungi and bacterial treatment T 3 , but the F 1r reciprocal hybrid P 2 ×P 1 had lowest mean values in control T 1 and in bacterial treatment T 4 . The results showed highly significant heterosis relative to the midparent for plant height, with a largest value was 32.8% for P 1 x P 2 in control, while heterosis for the reciprocal hybrid was also significant in control T 1 and fungi treatment T 2 . The F 1 hybrid of P 1 ×P 2 had highly significant values for ascorbic acid in the four treatments. On the other hand, phenol compound was not significant in control T 1 for F 1 and their F 1r , but the F 1 hybrid of (P 1 ×P 2 ) had negative significant values -30.3% in fungi treatment T 2 and -54.9% in fungi and bacteria treatment T 3 . while, the reciprocal hybrid of P 2 ×P 1 had highly significant of -49.6% in T 4 bacterial treatment. The results presented in Table 2 appeared that the parental varitey Fatma (P 1 ) was the best parent in control T 1 for plant height and ascorbic. For phenol compound the parental variety Trigella (P 3 ) had the lowest mean values in the four treatments which reverse the resistance of the same parent. The F 1 hybrid P 1 ×P 3 was better than its F 1r P 3 ×P 1 in the two treatments for plant height. The reciprocal hybrid (F 1r ) P 3 ×P 1 had the highest mean values in T 1 , T 2 and for ascorbic acid. For phenol compound, the lowest mean value showed with F 1r reciprocal hybrid P 3 × P 1 in fungi treatment T 2 . The F 1 hybrid between P 1 ×P 3 showed a low and significant values in control T 1 and in fungi treatment T 2 for plant height. For ascorbic acid heterosis of the reciprocal hybrid P 3 ×P 1 showed significant values in control T 1 , fungi treatment T 2 and fungi and bacterial treatment T 3 . The hybrid P 1 ×P 3 showed significant value (18.6%) for ascorbic acid in bacterial treatment T 4 . Phenol compound was not significant in control T 1 and fungi and bacterial treatment T 3 in both of F 1 & F 1r hybrids. The reciprocal hybrid P 3 ×P 1 showed highly significant values of phenolic compounds in fungi treatment T 2 and in bacterial treatment T 4 .
The results presented in Table 3 showed that parental variety Fatma (P 1 ) recorded the highest mean values of the two treatments for plant height. The parental variety Fatma (P 1 ) had the highest mean values in control T 1 , fungi treatment T 2 and bacterial treatment T 4 but the parental variety Marlob (P 4 ) had highest mean value in fungi and bacterial treatment T 3 for ascorbic acid. The parental variety Marglob (P 4 ) had the lowest mean values in four treatments for phenolic compounds which reverse to the resistance of Fusarium wilt. The F 1r reciprocal hybrid P 4 ×P 1 had highest mean value in the two treatments for plant height. The results indicated the role of bacteria against fusarium wilt, as well as, phenolic compounds which helping the plants to overcome fungal infection. The results showed the presence of high and positive heterosis for F 1 reciprocal versus mid-parent under the two treatments for plant height. The F 1r reciprocal hybrid P 4 ×P 1 had significant values in both of fungi and bacterial T 3 and bacterial treatment T 4 , while the hybrid P 1 ×P 4 had highly significant values in control T 1 and fungi treatment T 2 for ascorbic acid. Heterosis of phenolic compounds was highly significant in bacterial treatment T 4 . The parental variety Castel rock (P 2 ) recorded highest mean value of plant height in control compared with Tigerella (P 3 ) in Table 4 . The parental variety Castel rock (P 2 ) had highest mean values of ascorbic acid in all treatments which appeared the best value was 21.6 mg in bacterial treatment T 4 . The parental variety Tigerella (P 3 ) was resistant to fusarium wilt disease which do not leading plant genotype to produce highest mean values of phenolic compounds. The F 1r hybrid P 3 ×P 2 recorded the highest mean value of plant height 61.3cm in control T 1 while, F 1 hybrid P 2 ×P 3 showed highest mean value of 49.6 cm in fungi treatment T 2 . For ascorbic acid the F 1 hybrid P 2 ×P 3 showed highest mean values in T 1 , T 3 and T 4 but the F 1r reciprocal hybrid P 3 ×P 2 had highest mean value in fungi treatment T 2 , however, the best value was in bacterial treatment T 4 . The F 1 hybrid P 2 ×P 3 had lowest mean values of phenolic compounds (0.22 mg) in fungi treatment T 2 and in bacterial treatment T 4 but the F 1r reciprocal hybrid P 3 ×P 2 had lowest value in control T 1 in fungi and bacterial treatment T 3 . Heterosis for the F 1r hybrid P 3 ×P 2 was significant in control treatment for plant height. The F 1 hybrid P 2 × P 3 showed highly and significant values of ascorbic acid in four treatments and the reciprocal hybrid P 3 ×P 2 showed highly significant values in four treatments also. The hybrid P 2 ×P 3 had negative significant heterosis (-54.7%) for phenolic compounds in fungi treatment T 2 but the F 1r reciprocal hybrid P 3 ×P 2 showed negative and highly significant heterosis -48.5% and -47.9% in fungi treatment and fungi and bacterial treatment T 3 , respectively.
The results in Table 5 showed that the parental variety Castel rock (P 2 ) showed the best results in the two treatments if compared with the parental variety Marglop (P 4 ) for plant hight. The parental variety Castel rock (P 2 ) showed the highest mean values in the four treatments versus the parental variety Marglob (P 4 ) for ascorbic acid. The parental variety Marglob (P 4 ) had highest mean values in the four treatments versus the parental variety Castel rock (P 2 ) and the best value was in bacterial treatment (T 4 ) for phenolic compounds. The lowest mean value of phenolic compounds was the best which showen in the parental variety (P 4 ).
The F 1r reciprocal hybrid P 4 ×P 2 recorded the best mean values for plant height over the two treatments which showed the maternal effect in hybridization. The results showed the F 1 hybrid P 2 ×P 4 had high mean values of ascorbic acid in fungi treatment T 2 (17.6 mg) and in bacterial treatment T 4 (22mg) while, the F 1r reciprocal hybrid P 4 ×P 2 showed the highest mean values in control T 1 (19.3 mg) and in fungi and bacterial treatment (18.6 mg) T 3 . The results showed the F 1 hybrid P 2 ×P 4 had the lowest mean value for phenolic compounds. The heterosis of plant height in reciprocal hybrid versus the mid-parent for P 4 ×P 2 was significant in the two treatments. The F 1r reciprocal hybrid P 4 ×P 2 showed significant content of ascorbic acid in control T 1 and in fungi and bacterial treatment T 3 , but the hybrid P 2 ×P 4 showed highly significant value in fungi treatment T 2 and in bacterial treatment T 4 . Heterosis of phenolic compounds was significant in control T 1 among both F 1 and their F 1r . In addition, the hybrid of P 2 × P 4 showed significant heterosis percent for phenolic compounds in fungi treatment T 2 , in fungi and bacterial treatment T 3 and in bacterial treatment T 4 . The results summarized in Table 6 showed superiority of the parental variety Tigerella (P 3 ) over the parental variety Marglop (P 4 ) for plant height under the two treatments. Parental variety Marglob (P 4 ) had high mean values of ascorbic acid in control T 1 , in fungi and bacterial treatment T 3 and in bacterial treatment T 4 , but parental variety Tigerella (P 3 ) had high mean value in fungi treatment T 2 . The parental variety Marglob (P 4 ) showed the lowest mean values in all the four treatments for phenolic compounds and the lowest value was shown in bacterial treatment T 4 which proved the role of bacteria to protect plant from wilt disease. The F 1 hybrid P 3 ×P 4 showed high mean value of plant height in control T 1 , followed by fungi treatment T 2 . On the other hand, the F 1 hybrid P 3 ×P 4 gave highest mean values of ascorbic acid in the four treatments and the best value was in bacterial treatment T 4 . The F 1 hybrid P 3 × P 4 showed the lowest mean values of ascorbic acid in fungi treatment T 2 and in fungi and bacterial treatment T 3 , while the reciprocal hybrid P 4 ×P 3 showed lowest mean values in control T 1 and in bacterial treatment T 4 . Heterosis of plant height versus mid-parent for the hybrid P 3 ×P 4 was highly significant in control T 1 , while in F 1 and F 1r had non significant in fungi treatment T 2 . The reciprocal hybrid P 4 ×P 3 showed highly significant values in the four treatments for phenol compounds. On the other hand, the hybrid P 3 ×P 4 gave highest values in the four treatments for ascorbic acid.
Similar results were obtained by Sunil et al., (2013) , Singhi and ASati (2011), Biswas et al., (2012) , Manojkumar etal., (2016) and Kansouh and Zakher (2011) , they found highly significant differences among tomato genotypes for plant height, ascorbic acid, phenolic compounds and fruit yield per plant. The results obtained in Table 7 showed that the parental variety Castel rock (P 2 ) had the best mean values in the four treatments for NF3P and TNF versus parental variety Fatma (P 1 ). While, parental variety Fatma (P 1 ) had the best mean values in the four treatments for WF3P. The results showed that the bacterial treatment was the best in relation to the other treatments of the F 1r reciprocal hybrid P 2 ×P 1 which had high mean values of yield components in the four treatments and the best value was shown in bacterial treatment T 4 for NF3P, while the F 1 hybrid P 1 ×P 2 had the highest mean values in the four treatments for TNF. On the other hand, the F 1r reciprocal hybrid P 2 ×P 1 showed highest mean values of yield in control T 1 , in fungi and bacterial treatment T 3 and bacteria treatment T 4 . The F 1r reciprocal hybrid P 2 ×P 1 showed the highest mean values in the four treatments for TWF. The F 1r reciprocal hybrid P 2 ×P 1 showed significant heterotic values in the four treatments for NF3P. In addition, TNF had highly and significant in the reciprocal hybrid if compared with the hybrid of P 1 ×P 2 in the four treatments. High significant heterosis of yield was shown in the four treatments for the reciprocal hybrid P 2 ×P 1 if compared with hybrid P 1 ×P 2 for TWF. The reciprocal hybrid (P 2 ×P 1 ) showed highly significant heterotic percent in the four treatments for TWF .The results presented in Table 8 showed that the parental variety Tigerella (P 3 ) had the highest mean value in the four treatments for number of fruits to the first three pickings NF3P and total number of fruits. While, the parental variety Fatma (P 1 ) had highest mean values in control T 1 (0.322 kg) and in bacterial treatment T 4 (0.411 kg) versus the parental variety Tigerella (P 3 ) which had the highest mean values in fungi treatment T 2 (0.287 kg) and in fungi and bacteria treatment T 3 (0.360 kg) for weight of fruits in the first three pickings. Furthermore, the parental varitey Tigerella (P 3 ) had the highest mean values of yield in the four treatments, where bacterial treatment T 4 gave the highest mean value of total yield. The F 1 hybrid P 1 ×P 3 had the highest mean values of yield in control T 1 , fungi treatment T 2 and fungi and bacterial treatment T 3 . However, the F 1r reciprocal hybrid P 3 ×P 1 had the highest mean value of yield in bacterial treatment T 4 for NF3P. The F 1r reciprocal hybrid P 3 ×P 1 showed the highest value in the four treatments for TNF. On the other hand, the F 1 hybrid P 1 ×P 3 gave the highest mean values for weight of fruits in fungi treatment T 2 and bacterial treatment T 4 . In addition, the F 1r reciprocal hybrid P 3 × P 1 showed the highest mean values of fruits weight in control T 1 and fungi and bacterial treatment T 3 The F 1r reciprocal hybrid P 3 ×P 1 gave the highest mean value in all treatments for TWF and the best value was shown in bacterial treatment T 4 which revered to bacteria enhancing the growth of plants. The F 1 hybrid P 1 ×P 3 gave the highest heteroic values for early number of yield in control T 1 (36.4%), fungi treatment T 2 (27.9%), in fungi and bacteria treatment T 3 (27.8 %) and bacteria treatment T 4 (39.1%). But, total number of yield the reciprocal hybrid of P 3 ×P 1 gave the highest and significant values in the four treatments. The reciprocal hybrid of P 3 ×P 1 gave highly significant values in all treatments for total weight of yield.
The results presented in Table ( 9) showed that the parental variety (P 1 ) among all treatments showed early and total number of fruits and total weight of fruits of traits where the best value gave by bacterial treatments T 4 . The F 1r reciprocal hybrid P 4 ×P 1 had high value for early number of fruits in control T 1 , fungi and bacterial treatment T 3 and in bacterial treatment T 4 , but the F 1 hybrid P 1 ×P 4 gave highest mean value in fungi treatment T 2 . The results showed that the F 1 hybrid P 1 ×P 4 had the highest mean values in all treatments for early weight of fruits, total number of fruits and total weight of fruits. Highly significant heterosis values were obtained by the reciprocal hybrid P 4 ×P 1 in treatments for early number of fruits while, the F 1 hybrid P 1 × P 4 had high significant value in all total number of fruits and total weight of fruits.
. T4  T3  T2  T1  T4  T3  T2  T1  T4  T3  T2  T1  T4  T3  T2 The results presented in Table 10 showed that the parental variety Castel rock (P 2 ) had the highest value among all treatments for number of fruits for the first three pickings and total number of fruits. The parental variety Tigerella (P 3 ) had the highest mean value in all treatments for early yield and total yield. The F 1r reciprocal hybrid P 3 ×P 2 gave the highest mean values for number of fruits of the three first pickings in control T 1 , in fungi and bacterial treatment T 3 and bacterial treatment, but the F 1 hybrid P 2 ×P 3 had the highest mean values of 34 in fungi treatment T 2 . The F 1r reciprocal hybrid P 3 ×P 2 showed the highest mean values in all treatments for total number of fruits. On the other hand, the F 1 hybrid P 2 ×P 3 gave the highest mean values in all treatments for early weight of yield and total weight of fruits. It was noticed that the highest mean value was obtained by bacterial treatment T 4 which revered the important role of bacteria in increasing the total yield of tomato. The number of fruits of three fruits pickings showed significant heterotic values of the reciprocal hybrid P 3 ×P 2 in control T 1 (12.1%), fungi and bacteria T 3 (11.8%) and bacteria treatment T 4 (11.2%), except 51.9% heterosis in fungi treatment T 2 was found in the F 1 hybrid P 2 ×P 3 . The reciprocal hybrid P 3 ×P 2 showed highly significant values in all treatments for total number of fruits. However, heterosis of the hybrid P 2 ×P 3 was significant in all treatments for total weight of fruits. T4  T3  T2  T1  T4  T3  T2  T1  T4  T3  T2  T1  T4  T3  T2  T1 The results which obtained in Table 11 showed that the parental variety Castel rock (P 2 ) had the highest mean value in all treatments for early and total yield components versus the parental variety Marglob (P 4 ). The F 1 hybrid P 2 ×P 4 gave the highest mean values in all treatments for early and total yield components.
High significant heterosis were obtained in all treatments for the early yield NF3P, TNF and TWF. The results presented in Table 12 showed that the parental variety Tigerella (P 3 ) had the highest and best mean values in all treatments for early yield {NF3P and WF3P} and total yield {TNF and TWF} versus the parental variety Marglob P 4 . The best values for yield components was shown in bacterial treatment T 4 which refferd to the promoting of plant growth which leading to increasing total yield per plant. The F 1 hybrid P 3 ×P 4 had the highest mean value for number of fruits for the first three pickings among all the treatments. Also, the F 1 hybrid P 3 ×P 4 gave highest mean values for weight of fruits for the first three pickings in control T 1 (0.457 kg) and in fungi treatment T 2 (0.360 kg). Meanwhile, the F 1r reciprocal hybrid P 4 ×P 3 had highest mean values for the same trait in fungi and bacteria treatment T 3 (0.506 kg) and in bacteria treatment T 4 (0.58 kg). The F 1r reciprocal hybrid P 4 ×P 3 had highest mean values in all treatments for total number of fruits and total weight of fruits but the highest values was shown in bacterial treatment which reflected the maternal effect on these traits. The F 1 hybrid P 3 ×P 4 showed significant heterosis in all treatments for number of fruits for the first three pickings. Furthermore, the F 1r reciprocal hybrid P 4 ×P 3 gave high mean values for weight of fruits for the first three pickings in fungi and bacteria T 3 (50.1%) and in bacteria treatment T 4 (52.6%). Significant heterosis were showed for total number of fruits and total weight of fruits in the reciprocal hybrid P 4 ×P 3 among all treatments. The effect of maternal heterosis were clear in this hybrid (P 4 ×P 3 ) for total number of fruits and total weight of fruits. The results of heterosis for yield components were similar to those obtained by Chinedozi et al., (2014) , Hussein and Basheer (2016) , Hannan etal., (2007) , Elsayed (2017) and Alice et al., (2001) , they found that tomato hybrids expressed significantly high percentage of positive heterosis over mid-parent for number of flower per plant, number of fruits per plant and fruit weight per plant. Results also showed a direct inhibition of the pathogenic strains manifested by Bacillus sp. In conclusion, most of tomato hybrids induced in this study were resistant to Fusarium wilt disease and the higher values of vegetative and biochemical traits, as well as, yield components traits were obtained under the effect of Bt treatment T 4 . These results indicated that Bt played a significant role in the course of controlling natural biotic stress which leading to healthy plants increased yield components as well.
